Introduction
Analysis of non-Newtonian fluids is still of great interest to the researchers because these fluids are more appropriate in the industrial applications such as food engineering, power engineering, petroleum production, and in the industries of polymer solutions. Non-Newtonian fluids can not be described by a linear relationship between stress and rate of strain. Non-Newtonian fluids are more complex than the Newtonian fluids due to their diverse characteristics. Powell-Erying fluids [1] is one of the non-Newtonian fluids which has some advantages over the power law model i. e.: it is based on kinetic theory of liquids and at low and high shear rates it shows Newtonian behavior. Patel and Timol [2] studied numerical treatment of MHD Powell-Erying fluid flow using the asymptotic boundary conditions. Hayat et al. [3] examined radiative effects in 3-D flow of MHD Erying-Powel fluid. Ara et al. [4] studied radiation effect on boundary-layer flow of Erying-Powell fluid over an exponentially shrinking sheet. Boundary-layer stagnation point flow of Powell-Erying fluid with melting heat transfer was presented by Hayat et al. [5] . The MHD describes the mutual interaction of the magnetic fields and fluid flow. The MHD flows are discussed for the fluids which are electrically conducting and non-magnetic include strong electrolytes, liquid metals and hot ionized gases. The analysis of MHD flow is very important and has widespread applications in the areas of technology and engineering. Such flows appear in design cooling systems, MHD generators, electric motors, blood flow measurements, pumps and flow meters, etc. Ishak [6] discussed MHD boundary-layer flow due to an exponentially stretching sheet with radiation effect. Noor and Hashim [7] studied MHD flow and heat transfer adjacent to a permeable shrinking sheet embedded in a porous medium. Turkyilmazoglu [8] explored heat transfer characteristics in MHD flow induce by a shrinking rotating disk. Heat and mass transfer effects in MHD stagnation point flow of second grade fluid by a stretching cylinder was examined by Hayat et al. [9] . Sheikholeslami et al. [10] presented MHD boundary-layer flow of nanofluid using KKL model. Natural convection in MHD flow over a flat plate with convective condition was analyzed by Rashidi et al. [11] .
Merkin [12] suggested four common ways of heat transfer from wall to ambient temperature distribution i. e.: constant or prescribed surface temperature, constant or prescribe surface flux, conjugate or convective boundary condition and Newtonian heating describing that the heat transfer from any material surface with a finite heat capacity is proportional to the local surface temperature. Newtonian heating phenomenon is especially important in practical applications such as to design heat exchanger, conjugate heat transfer around fins and also in convective flow. Ramzan et al. [13] explored the characteristics of MHD flow of couple stress fluid with Newtonian heating. Salleh and Nazar [14] , Salleh et al. [15] , Narahari and Dutta [16] discussed in detail about free convection boundary-layer flow of micropolar fluid due to solid sphere with Newtonian heating.
It has been analyzed from the literature survey that boundary-layer flow of non-Newtonian fluids over a stretching cylinder with Newtonian heating is not investigated yet. Therefore, our main object is to explore the radiative MHD flow of Powell-Eyring fluid over a stretching cylinder with Newtonian heating. Rosseland approximation is used to describe the radiative heat flux. A system of non-linear PDE is converted into the non-linear ODE. Homotopy analysis method (HAM) [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] is used to achieve the convergent series solutions of the momentum and energy equations. Behaviors of various pertinent parameters on the velocity and temperature distributions are analyzed through graphs. It is found that present analysis reduces to the flow over a flat plate for zero curvature. The HAM solutions are good than the numerical solutions in aspect of the following reasons.
Firstly HAM provides the solution within the domain of concern at each point while numerical solution controls only set of discrete points in the domain.
Secondly approximate solutions obtained by algebraically need less time and acceptable accuracy when compared with numerical solutions.
Thirdly most of the scientific packages although need a few initial guesses for the solutions are not convergent generally. In such cases approximate solutions can present improved initial guess that can be readily better to the exact numerical solution in few iterations. In short an approximate solution if it is analytical, is the most favorable than the numerical solutions.
Mathematical formulation
Consider the steady 2-D MHD flow of Powell-Eyring fluid due to a permeable stretching cylinder with Newtonian heating. The dissipation effects is not included in heat transfer process. Magnetic field is assumed in the inclined direction i. e., makes an angle, ϕ, with the cylin-der. Heat transfer is carried out with thermal radiation. Cylindrical co-ordinates are selected in such a way that z-axis is along the axial direction of stretching cylinder and r-axis normal to it.
Under the boundary-layer approximations, i. e., u = O(δ), r = O(δ), w = O(1) and z = O(1), the continuity, momentum, and energy equations are expressed: 
subject to the boundary conditions:
where u and w denote the velocity components in the r-and z-directions, respectively, u w -represents the suction (u w > 0) or injection (u w < 0), U 0 -the reference velocity, l -the characteristic length, ν -the kinematic viscosity, ρ -the density, β and c -the fluid parameters, c p -the specific heat, k -the thermal conductivity, ϕ -the angle of inclination of permeable cylinder, σ * and k * -the Stefan-Boltzman constant and Rosseland mean absorption coefficient, respectively, σ -electric charge density, β 0 -the strength of magnetic field, h s -heat transfer coefficient, T and T ∞ -the temperatures of the fluid and surrounding, respectively, and w ethe stretching velocity. The results for magnetic field in transverse direction is obtained when ϕ = π/2. Using the transformations of the form:
the equation of incompressibility is identically satisfied while eqs. (2) and (3) are reduced to:
where γ is the curvature parameter, M and λ -the fluid parameters, R -the radiation parameter, K 2 -the Hartmann number, Pr -the Prandtl number, α -the conjugate parameter for Newtonian heating, and S -the suction/injection parameter. The definitions of these parameters are: 
Skin friction coefficient and local Nusselt number can be defined:
, Nu ( )
Dimensionless forms of skin friction and local Nusselt number are:
where Re z = w ez / n is the local Reynolds number.
Homotopic solutions
To find the series solutions of the governing equations by HAM, it is necessary to have the initial guesses ( f 0 , θ 0 ) which satisfy the given boundary conditions and the linear operators (L f , L θ ). The initial guesses and linear operators are taken:
Convergence analysis
Convergence region is of great importance for acquiring the series solutions. In these series solutions there is a vast opportunity to select the value of the auxiliary parameter ћ which confirms the convergence region. Therefore, we have plotted the ћ-curves in figs. 1 and 2. Here the admissible ranges of the auxiliary parameters ћ f and ћ θ are −1.6 ≤ ћ f ≤ −0.5 and −1.3 ≤ ћ θ ≤ −2.5. 
Discussion
Theme of this section is to analyze the effects of various parameters on the velocity and temperature profiles. Figure 3 Figure 5 shows the behavior of curvature parameter on velocity profile. It is concluded that as the values of γ increase the velocity profile decreases near the surface and it increases away from the cylinder. In fact when the value of curvature parameter increases then radius of the cylinder decreases. Thus contact area of the cylinder with the fluid decreases and offers less resistance to the fluid motion. Hence velocity profile increases. Behavior of curvature parameter on temperature profile is analyzed in fig. 6 . Temperature distribution decreases near the surface of cylinder while it increases away from the surface. Through increase of curvature parameter the radius of cylinder decreases which results in the reduction of conduction of heat process near the surface while it enhances the convection heat transfer away from the the surface. Therefore, temperature first decreases and then increases. Influence of angle of inclination on velocity profile is displayed in fig. 7 . Velocity profile is higher for larger values of ϕ. In fact higher values of ϕ correspond to larger magnetic field. Figure 8 is sketched for the variations of angle of inclination ϕ on temperature profile. It Figure 9 provides the analysis for the effects of fluid parameter, M, on the velocity profile. It is seen that velocity profile and boundary-layer thickness increase with an increase in fluid parameter M. In fact for higher values of M the viscosity of the fluid tends to decrease which is responsible for the enhancement of velocity profile. Characteristics of fluid parameter M on temperature profile is presented in fig. 10 . It is concluded that higher values of M result in the reduction of temperature profile. Further thermal boundary-layer thickness also decreases. It is due to the fact that viscosity of the fluid decreases as fluid parameter M increases. Therefore temperature profile decreases. Influence of conjugate parameter, α, on temperature distribution is displayed in fig. 11 . It is depicted that temperature distribution is higher for larger values of conjugate parameter α. Further thermal boundary-layer thickness also increases with an increase in conjugate parameter heat transfer coefficient which results in the enhancement of temperature profile. Figure 12 shows the behavior of Prandtl number on temperature distribution. It is concluded that temperature distribution and thermal boundary-layer thickness decrease with an increase in Prandtl number. It relates the momentum diffusivity to thermal diffusivity. Hence higher Prandtl number corresponds to lower thermal diffusivity and ultimate the temperature distribution decreases. Variation of suction parameter, S, on velocity and temperature profiles are sketched in the figs. 13 and 14, respectively. It is analyzed that both velocity and temperature profiles decrease with increase in suction parameter. Behavior of radiation parameter, R, on temperature profile is illustrated in the fig. 15 . Temperature and the associated boundary-layer thickness increase for larger values of radiation parameter. Here higher values of radiation parameter result in the reduction of mean absorption coefficient and thus the temperature profile increases. Table 1 shows the convergence of the series solutions for the governing momentum and energy equations. It is observed that 15 th and 20 th order of approximations are sufficient for the convergence of momentum and energy equations. Table 2 represents the numerical values of f′′(0) with the previous results in the limiting case when γ = 0, K = 0, and S = 0. It is concluded that both the results are in good agreement. Table 3 presents the comparison of skin friction coefficient with the previous published work [36] when γ = K = S = 0. It is evident that both the results are in good agreement. Skin friction coefficient increases with an increase in M and it decreases with λ. Therefore, small values of M and large values of λ can be used for the reduction of skin friction coefficient. Table 4 presents the numerical values of skin friction for various parameters. It is concluded that skin friction increases for larger curvature parameter γ and Hartmann number, K 2 , and it decreases with increase in the values of fluid parameter M. Table 5 , and radiation parameter, R. As rate of heat transfer is high for large values of curvature parameter γ and fluid parameter M, so these parameters can be used as coolant agent. Thus it is concluded that cylindrical shape devices with large curvature i. e, with small radius have high rate of heat transfer. 
Conclusions
Here we presented the flow of Powell-Eyring fluid by a stretching cylinder. The HAM is used to find the convergent series solutions of dimensionless momentum and energy equations. Main observations are as follows. y Fluid parameter increases the velocity while it decreases temperature of the fluid. y Larger curvature parameter leads to enhancement in both velocity and temperature of the fluid. y Hartmann number decreases the velocity while it increases temperature of the fluid. y Magnitude of velocity for Powell-Eyring fluid is greater than viscous fluid for both flat plate and cylinder cases. y Temperature in viscous fluid is greater than Powell-Eyring fluid for both flat plate and cylinder cases. y Higher values of curvature parameter has more rate of heat transfer and thus can be used for the cooling of systems. 
